Plasticity of synaptic GluN receptors is required for the Src-dependent induction of long-term potentiation at CA3-CA1 synapses.
The induction of long-term potentiation (LTP) of CA3-CA1 synapses requires activation of postsynaptic N-methyl-D-aspartate receptors (GluNRs). At resting potential, the contribution of GluNRs is limited by their voltage-dependent block by extracellular Mg(2+). High-frequency afferent stimulation is required to cause sufficient summation of excitatory synaptic potentials (EPSPs) to relieve this block and to permit an influx of Ca(2+). It has been assumed that this relief of Mg(2+) block is sufficient for induction. We postulated that the induction of LTP also requires a Src-dependent plasticity of GluNRs. Using whole-cell recordings, LTP (GluARs) of α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid receptors-EPSCS was induced by pairing postsynaptic depolarization with presynaptic stimulation. This LTP was both GluNR and Src-dependent, being sensitive to AP-5, a GluNR selective antagonist, or to SU6656, a Src-selective inhibitor. When CNQX was used to block all GluARs, we observed a long-lasting potentiation of GluNR-mediated EPSCs. This plasticity was prevented by transiently blocking GluNRs during the induction protocol or by chelating intracellular Ca(2+). GluNRs plasticity was also prevented by bath applications of SU6656 or intracellular applications of the Src-selective inhibitory peptide, Src(40-58). It was also blocked by preventing activation of protein kinase C, a kinase that is upstream of Src-kinase-dependent regulation of GluNRs. Both GluN2A and GluN2B receptors were found to contribute to the plasticity of GluNRs. The contribution of GluNRs and, in particular, their plasticity to the maintenance of LTP was explored using AP5 and SU6656, respectively. When applied >20 min after induction neither drug influenced the magnitude of LTP. However, when applied immediately after induction, treatment with either drug caused the initial magnitude of LTP to progressively decrease to a sustained phase of reduced amplitude. Collectively, our findings suggest that GluNR plasticity, although not strictly required for induction, is necessary for the maintenance of a nondecrementing component of LTP.